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Abstract
The SpaceHab I flight on STS-57 served as a test platform for
evaluation of two space station payloads. The first payload
evaluated a space station maintenance concept using a sweep
signal generator and a 48-channel logic analyzer to perform fault
detection and isolation. Crew procedures files, test setup dia-
gram files, and software to configure the test equipment were
created on the ground and uplinked on the astronauts' voice com-
munication circuit to perform tests in flight. In order to use
these files, the portable computer was operated in a multi-
window configuration. The test data was transmitted to the
ground allowing the ground staff "co identify the cause of the fault
and provide the crew with the repair procedures and diagrams.
The crew successfully repaired the system under test.
The second payload investigated hand soldering and de-soldering
of standard components on printed circuit (PC) boards in zero
gravity. It also used a new type of intra-vehicular foot
restraints which uses the neutral body posture in zero-g to
provide retention of the crew without their conscious attention.
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As initially conceived, Space Station Freedom was to be a highly
automated, highly productive port in space. All the main systems
would contain automated fault detection and isolation capability
to aid in maintenance. Failed units would identify themselves and
be replaced by the crews using a limited list of tools. Equipment
meeting a group of approximately 30 attributes like these were
designated orbital replacement units (ORU's). These requirements
were in the program requirements documents of the space station.
As the program developed, costs grew, problems were identified,
and it was subjected to numerous revisions. The universal auto-
mated fault detection and isolation capability requirement was
removed during the revision in the summer of 1990. The effect of
this decision was to increase the probability that more systems,
as compared to components, would have to be changed on orbit.
The increase in up and down mass for maintenance would have an
adverse impact on normal operations and payloads.
This impact prompted an effort by the Tools and Diagnostic Equip-
ment Subsystem of the Manned Systems to provide common test
equipment in addition to the common tools in its charter. This
test equipment was to give the crew the ability to actively test
the various systems and isolate the faults to as low a level as
possible. The intent was to allow changing of a component, such
as a transformer, instead of a black box.
In a parallel effort, the Marshall Space Flight Center (MSFC) was
developing plans to support the users of the space station with
special test equipment. The lab support equipment included a
battery charger, a logic analyzer/oscilloscope, and a multimeter.
When MSFC started to implement their plan, the duplications
became obvious and the program elected joint development of the
common equipment to reduce costs.
The equipment selected to meet the maintenance needs and the
lab support equipment needs were the Tektronics 1230B logic
analyzer/oscilloscope and the Hewlett Packard 8116A sweep
signal generator. The logic analyzer/oscilloscope is a 48 digital
channel test instrument capable of testing PC boards and a dual
channel analog oscilloscope. It is computer controllable through
a RS-232 interface, and is triggered to store the data array by
relationships among the active channels. This data may be dis-
played or stored in a DOS file which can be transferred over the
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RS-232 interface. This transfer capability allows the data to be
downlinked to the ground and displayed on instruments there.
The sweep signal generator can produce standard test signals,
i.e., sine, square, triangular, and ramp waves and dc voltages.
Selection of the equipment had been completed and materials and
electromagnetic interference characteristics were being investi-
gated when an opportunity arose.
SpaceHab, Inc., was formed to take advantage of the Space Trans-
portation System's capabilities to carry diverse payloads. By
providing an integration function and a vehicle, the SpaceHab
module, the company will provide an important service to small
payloads. SpaceHab contracted with Alenia Spazio, an Italian
aerospace organization, to build the modules. The contract to
perform the integration of the payloads into the vehicle was given
to McDonnell Douglas Space Systems Division (MDSSC), Huntsville,
Alabama.
On the first flight of the module on STS-57, some of the volume
and weight capability was not taken by customers. This available
resource was acquired by NASA and offered to internal offices
having a need to perform flight testing.
The development of the maintenance diagnostic equipment for the
space station had advanced to the point at which a flight test was
feasible, and the offer of resources was accepted. Weight and
volume were reserved for the Space Station Tools and Diagnostics
System (TDS). Initially, this area included three experiments:
the Diagnostic Equipment (DE) experiment, the Soldering Equip-
ment (SE) experiment, and the Battery Charger (BC) experiment.
As the design of the experiments matured, the weight limitation
caused the BC experiment to be dropped.
One goal of the TDS-DE was to operate the space station main-
tenance diagnostic equipment in the zero-g environment. A
scenario was developed to simulate the proposed maintenance
concept of the space station. In this concept, when an equipment
failure is discovered, the failure is analyzed by the flight and
ground crews and any descriptive information is given to tile
system engineers. The system engineers develop a test to isolate
the fault based on using the programmable test equipment on
board. The test procedures, appropriate schematics and diagrams,
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and the program to configure the test equipment are uplinked to
the flight vehicle. The crew uses the program to configure their
equipment and the procedure to setup and perform the test, aided
by the schematics and diagrams.
The data from this test is then downlinked to the system engin-
eers who either develop a repair procedure or develop a further
test. The repair files, coritaining procedures, schematics, and
diagrams, are uplinked to the crew who then restore the equip-
ment. Testing, where appropriate, would be done in a similar
manner. Demonstration of this uplink and downlink capability
was also a goal of the TDS-DE experiment.
Since the multiple files would have to be operated or referenced
at arbitrary intervals, the normal DOS environment was replaced
by using a Microsoft product that allowed several applications to
be active. Evaluation of this technique was a third goal of the
TDS-DE experiment.
Because the TDS-DE was considered to be a payload on the
SpaceHab module, specific resource usage was required by MDSSC,
the payload integrator. This requirement skewed the test some-
what, in that a timeline for the crew was needed before the
failure would normally have been discovered. This timeline and
the procedures and data were developed around a test assembly,
used to simulate the system under test. The test assembly was a
frequency counter with a jumper wire across two pins on a
terminal strip. It contained test points to provide signal tracking
through the circuitry and power status and connectors for the
signal generator and logic analyzer. The repair consisted of
relocating the jumper wire.
The soldering test was an outgrowth of a soldering test which had
been flown on the KC-135. As conceived, the test used battery-
powered soldering tools. In practice, the number of solder con-
nections was too high for the battery-powered tools and it was
necessary to use commercially available DC powered tools. The
tasks required soldering and de-soldering wires to 44 test points
on two PC boards. These test points included various types of
connectors (turret, pad, etc.). Wicking material was selected to
remove the solder during the de-solder process.
Concern that soldering was a hazardous process led to the
requirement for containment of any particulate matter generated
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during the soldering process. The containment device developed
consisted of a shroud over the MDSSC-supplied work bench.
Special foot restraints to react to small forces generated during
labor intensive tasks were developed. Normally, an acclimated
crew prefers to float freely in the vicinity of the work. Exer-
tions of small forces are adequate for them to remain in the
desired position. For extended work in one area, foot loops are
available. Some muscular exertion is required to maintain the
foot in the restraint, which is a cause of hot spots and cramps.
The engineer involved in the TDS-SE had been a test subject for
evaluation of the space station foot loops on the zero-g aircraft.
On the basis of his experience there and his knowledge of the
soldering restraint requirements, he developed I VA foot
restraints using the same principle as the old "golden slippers"
EVA foot restraints. These foot restraints are open in the center
with bars behind the heels and over the instep. They mounted to
the handrails of the single SpaceHab rack below the MDSSC-
provided work'bench. They were installed for launch.
As an aside, this was my first experience as a payload provider.
The other equipment I have provided was as part of the vehicle
and was supported by the internal resources in the provisioning of
the safety material. This was not the case for the SpaceHab I
flight. It was necessary for me and my staff to prepare the data
needed for the safety review process. I did not anticipate the
type of data needed to satisfy this requirement. Once the
requirements were understood, the required data was provided.
The result of the experiments was proof of the maintenance con-
cept. TheTDS-DE procedures were uplinked as planned, the data
was downlinked, the repair procedure was performed by the crew
inflight, and the equipment was tested successfully after the
repair.
The crew was able to display the procedures and diagrams
simultaneously.
TheTDS-SE was highly successful. More than the one solder and
de-solder board were completed. Analysis of the solder joints
shows results consistent with preflight training. The foot
restraints were well received and have been requested for future
SpaceHab flights.
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Abstract
One key element required for effective space logistics activity is the development of standard spacecraft inter-
faces. To this end, the NASA Space Assembly and Servicing Working Group has created the Interface
Standards Committees composed of mechanical, electrical, fluid, thermal, and optical committees. The objective
of the ISC is to create international spacecraft standards to support space maintenance and servicing. Recently,
ISC panel discussions have described the need for a "Standard Set" of interface hardware standards for satellites
and platforms and to develop international standards for each of these critical interfaces. The set is to include:
Navigation Aids; Grasping, Berthing, and Docking Interfaces; and UtilityConnectors.
1.0 INTRODUCTION
The Space Assembly and Servicing Working Group (SASWG) is a NASA organization with over 700 individual
members from government, industry, and academia dedicated to the study Of enabling technologies for
spacecraft maintenance and servicing. To this end, the SASWG has created the Interface Standards
Committees (ISC) composed of mechanical, electrical, fluid, thermal, and optical committees with approximately
60 voluntary members from NASA, U.S. Space Command, U.S. Air Force, U.S. Navy, and industry personnel. It
is the objective of the ISC to create international spacecraft standards to support space maintenance and
servicing.
The SASWG ISC is currently engaged in 10 standards projects. Draft documents have been referred to pro-
fessional standards organizations to become standards, guidelines, or recommended practices. To date, the
American Institute of Aeronautics and Astronautics (AIAA), the Electronic Industry Association (EIA), and the
Society of Automotive Engineers (SAE) have accepted SASWG ISC interface standards projects. The ISC
provide these standards organizations with the technical expertise required to prepare standards, guideline, and
recommended practices. After review by the professional standards organization, documents are adopted and
referred to the ANSI for referral to international standards organizations.
Each professional standards organization is accredited by American National Standards Institute (ANSI) to de-
velop American National Standards. Only the ANSI serves as the U.S. member of international standards
organizations such as the International Standards Organization (ISO), the International Electrotechnical
Commission (IEC), and the Pacific Standards Congress (PASC).
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While the SASWG has set an objective to create international spacecraft standards to support space mainte-
nance and servicing, it should be noted that there are other compelling reasons to support international
spacecraft standards. Joint U.S. Government and industry activity is needed to support private sector interests in
government-to-government standards negotiations, since it is unlikely that industry alone will provide the
necessary financial support for U.S. representation. Also, industry cannot pedorm a adequate role of negotiator
to assure a means for U.S. manufacturers to meet international standards and continue to have access to
international markets.
Recently SASWG spacecraft standards panel discussions have described the need for a "Standard Set" of inter-
face hardware standards for satellites and platforms. The set is to include: Navigation Aids; Grasping, Berthing,
and Docking Interfaces; and Utility Connectors (electrical power, data, and fluid connectors, as required by
spacecraft for on-orbit maintenance). It is the objective of the SASWG to develop international standards for
these critical interfaces.
2.0 DISCUSSION
2.1 Current SASWG Interface Standards Projects
Documents have been referred to professional standards organizations for review and approval.
American Institute of Aeronautics and Astronautics
1) Guideline for Grasping / Berthing / Docking Interfaces - Approved by AIAA Serviceable Spacecraft
Committee on Standards (AIAA SS COS) (AIAA G-056-1992)
2) Standard Interface for Remote Manipulator System Payload Deployment and Retrieval Grapple Fixture -
Proposed to AIAA SS COS
3) Standard Interface for Magnetic End Effectors - Proposed to AIAA SS COS
4) Guideline for Serviceable Spacecraft UtilityConnectors - Proposed to AIAA SS COS
Electronic Industry Association
5) Electrical Connector - Sub-Miniature - Approved by EIA Standard Committee CE 2.0
6) Electrical Connector - Large - Approved by EIA Standard Committee CE 2.0
7) Fiber Optic Connector - SASWG ISC Project
Society of Automotive Engineers
8) Preparation of Specifications for Metric Fluid Couplings for Spacecraft Servicing - Approved by SAE
Committee G-3 (MAP2261)
9) Standard Interface for Hex Head Bolt and Wrench - Proposed to SAE Committee E-25
10) Guideline for Replaceable Thermal Insulation Interlaces - SASWG ISC Project
2.2 SASWG Interface Document Preparation Methodology
The SASWG ISC standardization process is performed in six steps:
1) Identify and discuss key standards issues during face-to-face meetings and report in SASWG ISC Minutes.
2) Prioritize candidate hardware interfaces projects by consensus vote.
3) Identify committee members from industry and govemment and elect a project leader.
4) Prepare draft standards, guidelines, and recommended practices (mostly performed with communication by
facsimile and telecon).
5) Refer draft documents to professional standards organizations for review and approval.
6) Attend professional standards organizations committee meetings and provide consultation, especially for
technical requirements unique to spacecraft design and operations.
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3.0 DOCUMENTS PROPOSED TO THE AMERICAN INSTITUTE OF AERONAUTICS AND
ASTRONAUTICS (AIAA)
3.1 Grasping / Berthing / Docking Interfaces
This guideline provides technical information for the design of three mechanical interfaces required for
spacecraft servicing --- _ by telerobotic or visual manipulation, _ of payloads or spacecraft, and
of spacecraft. Achieving a degree of commonalty individually and collectively for this general class of
interface will simplifythe servicing of a variety of orbital replaceable units (ORU's), Attached payloads, platforms,
Space Station Freedom, satellites, and other passive and mobile spacecraft. The invaluable experience of past
missions from Gemini to the Shuttle Orbiter provides the basis for the information contained in this document.
3.2 Remote Manipulator System Payload Deployment and Retrieval Grapple Fixture
Interfaces
This standard establishes the interface design requirements for three standard grapple fixtures - Flight
Releasable Grapple Fixture (FRGF), Rigidized Sensing Grapple Fixture (RSGF), and Electrical Flight Grapple
Fixture (EFGF). Design requirements are provided for the Grapple Fixture interface and Extravehicular Activity
(EVA) release interface. It should be noted that there are three new non-standard grapple fixtures models -
Flight Releasable Light Weight Grapple Fixture (LWGF), Auxiliary Grapple Fixture (AGF), and Electrical Light
Weight Grapple Fixture (ELWGF). The light weight grapple fixtures are a solution to the weight / budget
problems of payloads.
3.3 Magnetic End Effector Interface
This standard provides interface requirements for use by robotic arms with a magnetic end effector for grappling
ORUs, satellites, structures, tools, and other serviceable spacecraft payloads during space operations. The
interface aspects are mechanical (dimensional), structural, performance, thermal, electrical, and operational. A
Magnetic End Effector has been developed to provide a dexterous end effector for the Shuttle Remote
Manipulator System (RMS), and will be tested in space during a flightdemonstration in 1994.
3.4 Utility Connector Interfaces
This guideline reviews the development of utility connectors for spacecraft servicing systems. Utility connectors
are designed for fully automated remote operation, separate from and independent of any docking mechanism,
operation after a docking mechanism is rigidized, and are compatible with both single point and three point
docking mechanisms. Technical information is provided for the development of standard interface design of util-
ity connectors intended to be for a variety of applications where multiple utilities are required in a single con-
nector. The connector may include electrical power, data, and fluid ports. This system is considered vital for the
development of serviceable spacecraft.
4.0 DOCUMENTS PROPOSED TO THE ELECTRONIC INDUSTRY ASSOCIATION (EIA)
4.1 Electrical Connectors, Rectangular, Blind-Mate, Scoop-Proof
This standard provides terminology, description and requirements of a blind-mate, scoop-proof, rectangular shell
series of electrical connectors for serviceable spacecraft for use during space and ground support activities.
Aspects such as size, alignment, mating force, material requirements, reliability, durability, weight, electrical and
physical characteristics, and temperature range are covered. This standard is intended to assist project
managers, designers, and others concerned with electrical connectors in aerospace technology toward
standardizing usage with respect to serviceable spacecraft.
4.2 Electrical Connectors, Rectangular, Blind-Mate, Scoop-Proof, Low-Force, Sub-Miniature
This standard is for a rectangular electrical connector is similar to the document above, except for the size and
locking mechanism. This connector is smaller, and may utilize release levers.
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5.0 DOCUMENTS PROPOSED TO THE SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)
5.1 Preparation of Speclflcatlon for Metrlc Fluld Coupllngs for Spacecraft Servlclng
This approved SAE Metric Aerospace Recommended Practice (MAP) establishes the requirements for preparing
a specification for fluid couplings for spacecraft servicing. The objective of this document is to provide design,
development, verification, storage, and delivery requirement guidelines for the preparation of specifications for
fluid couplings and ancillary hardware for use with serviceable spacecraft designed for use in the space
environment. The couplings shall be capable of re-supplying storable propellants, cryogenic liquids, and gases
to a variety of spacecraft.
5.2 Hex Head Bolt and Wrench Interfaces
This standard provides design and materials requirements for a 8 and 12 millimeter hex head bolt to spacecraft
fastener. Dimensions and clearances were determined to assure bolt and wrench compatibility over the
temperature extremes of space as part of a Special Project prior to the preparation of a draft standard for
spacecraft fasteners.
6.0 CONCLUSIONS
The purpose of the NASA Space Assembly and Servicing Working Group Interface Standards Committee is to
prioritize spacecraft mechanical, electrical, fluid, thermal, and optical interlace projects selected by member
consensus; prepare draft standards, guidelines, and recommended practices; refer to professional standards
organizations; and assist with document review, approval, and referral to international standards organizations. A
"Standard Set" is needed for serviceable spacecraft. The set will consist of (1) navigation Aids, (2) grasping,
berthing, and docking Interfaces, and (3) utility connectors (electrical power, data, and fluid connectors).
Standardization of interfaces has been proven effective for aircraft manufacturing, servicing, and maintenance.
Internationally recognized standard interfaces are a driver to the development of serviceable spacecraft and the
establishment of a global spacecraft maintenance infrastructure. Interface standards have to be imposed to force
cost savings from on-orbif maintenance.
7.0 ACKNOWLEDGMENTS
The authors acknowledge the contributions of project leaders Bob Davis, NASA GSFC, Retired, Ed Carter,
Lockheed / ESC, Mark Falls, NASA JSC, AI Haddad, LMSC, Torn Nelson, USAF, Allen Thompson, Consultant,
Mike Withey, Oceaneering Space Systems, and SASWG ISC Members. This work could not be performed
without the continued support of Dick Weinstein, and George Levin, NASA Headquarters, and Jim Moore, NASA
Lyndon B. Johnson Space Center.
669

AUTHOR INDEX
AguHar, Ronald D.................... 405
Aldridge,Ann ........................389
Altschuler,Bruce R................... 553
Anderson,Ray .......................605
Armstrong, Lawrence E ............... 501
Arnold,Lana ........................666
Askew, Eldon W ...................... 501
Baalen,Jeffreyvan ...................
Bagian,L............................
Barth,Timothy S. ....................
Baudin,Catherine ....................
Baya, Vinod .........................
Begault,Durand R....................
Billica,Roger U ......................
Bohannon, Jackie W ..................
Brunk, Clifford .......................
Bruno, Kristin J ......................
Burks, B. L ...........................
Burton, Russell R .....................
261
583
427
313
313
363
538
540
555
661
187
356
69
493
Caputo, Michael ......................
Caretti, David M ......................
Carter, Edward L .....................
Chandler, Michael ....................
Charles, J ............................
Charles,Steve .......................
Chladek,John T......................
Coan, PaulP .........................
Cohen,William W ....................
Colombano, SilvanoP.................
Compton, MichaelM ..................
Cowings, PatriciaS. ..................
Craver,William M ....................
554
555
501
95
538
495
583
509
112
557
226
304
304
395
112
Cross, John H ........................ 522
Czerwinski, Mary .................... 475
51Darken, Rudy ........................
Demboski,John T..................... 532
Diaz,Manuel F....................... 432
Dietterich,Tom G ..................... 194
Dinges,David F ...................... 405
69Dinkins,M. A ........................
Dorman, Keith W ..................... 144
Driels, Morris ........................ 619
Dunnette, Sheri J ..................... 557
Dussack, T ........................... 495
Dusseault, Christopher ............... 3
Eastman, Charmane I................. 404
Eismann, PaulH ..................... 144
Eldredge,Frederick .................. 156
Ellman,Thomas .....................321
Ericson,Mark ........................371
Fikes,Richard .......................167
Fischer,MicheleD .................... 496
497
Fisher,Doug .........................234
Flanagan,David T .................... 601
Flanigan,Lee A ...................... 121
652
Folen,Raymond A .................... 395
Fortney,S............................495
583
Fox,Jeffrey ..........................345
Frainier,RichardJ................... 304
Francesconi,Ralph P .................. 501
Francis,Daniel ......................371
Fritsch,!.............................583
Fuson,Phil ..........................605
Ghosh, David ........................ 130
Giarratano, Joseph C.................. 61
Gibson, C. Robert ..................... 555
Gillen, Kelly A ....................... 405
Gittleman, Mark M ................... 103
Goldsby, Michael ..................... 389
Gomes, Marie E ...................... 437
Gonzalez, Richard R ................... 560
567
574
Gorney, David ....................... 641
Gregory, Kevin B ..................... 405
Groleau, Nicolas ..................... 304
Gruber, Tom ......................... 167
Haas, Michael W ..................... 378
Hale, Joseph P ........................ 388
Hayes, Benita C...................... 404
p_:_ll(.H,'_Ik_ PAGE BI../I_K NOT FILMED
671
Hazelton, Lyman R................... 304
Heaps, Cristine L ..................... 496
497
Hermens, Leonard A. ................. 268
Herndon, Joseph N .................... 33
Hirsh, Haym ......................... 226
Hisert, Glen L. ....................... 395
Holden, Kristina ..................... 483
Holder, Barbara E .................... 337
Holland, Albert W .................... 584
Hubbard, Roger W .................... 501
Huffman, Scott B ..................... 207
Hughes, Greg ........................ 611
Hunter, Norwood ..................... 554
Iwasaki, Yumi ....................... 167
Jackson, Andrew E ................... 427
James, John T ........................ 522
602
6O3
Juberts, Maris ....................... 137
Karlen, James P. ..................... 144
Kazz, Sheri L ......................... 356
Keksz, William O. .................... 144
Kellar, Michael A..................... 395
Kelly, Scan M........................ 405
Kibbe, Marion ....................... 371
Killough, S. M ........................ 69
Kimbrough, Andrew G ................ 121
652
Klarer, P. R.......................... 4
Klute, Glenn K ....................... 442
Koeing, D. W ......................... 599
Koons, Harry C....................... 641
Kowalski, Keith A .................... 144
Krutz, Jr., R. W ....................... 596
Kuban, Dan ......................... 86
Kuipers, Benjamin ................... 245
Kulkarni, Deepak .................... 234
Kumar, V. ........................... 583
Laird, John E ......................... 207
Land, Sherry A ....................... 461
Lauriente, Michael ................... 641
Leahy, Jr., Michael B ................. 31
Legowik, Steven A .................... 137
Leifer, Larry ......................... 313
Limero, Thomas F.................... 522
602
603
Lind, Stephanie ...................... 437
Lindsay, Thomas ..................... 130
Loftin, R. Bowen ..................... 49
Mader, thomas ....................... 555
Maida, James C...................... 389
468
Malin, Jane T. ....................... 461
Manganaris, Stefanos ................. 234
Manouchehri, Davoud ................ 130
Manuel, F. Keith ..................... 555
Marshall,J. A. ....................... 596
Martin, Lee .......................... 86
McCarthy, Cliff D..................... 628
McClure, Sidney R.................... 121
652
McCormack, P. D ..................... 509
McDonald, Michael J .................. 629
McKinley, Richard ................... 371
McMillan, Richard J .................. 628
Meehan, Richard ..................... 555
Michaels, Kerry ...................... 611
Miller, Donna L ...................... 405
Mishra, S. K .......................... 599
Monford, Leo G. ...................... 95
Mooney, Raymond J. .................. 276
Moore, Mike ......................... 345
Moore, Robert J ....................... 501
Mount, Frances ...................... 483
Muckle, Susan ....................... 600
Mudgett, Paul D ...................... 601
Murphy, Karl N ...................... 137
Muscettola, Nicola ................... 200
Nashman, Marilyn ................... 137
Nease, A1 ............................ 3
Nguyen, Jennifer P ................... 468
Nguyen, Lac ......................... 61
Nguyen, Trung ....................... 475
Nunneley, Sarah A ................... 559
O'Hara, John ........................ 329
O'Neal, Michael ...................... 483
Ok, DoKyeong ....................... 194
Palmquist, Robert D.................. 629
Pandolf, Kent B ...................... 567
574
Pandya, Abhilash .................... 389
Patten, Richard ...................... 629
Pazzani, Michael ..................... 187
Pearl, Judea ......................... 178
672
Pence, Jon ...........................
Pepper, L ............................
Pierson, D. L .........................
Pilmanis, Andrew A ..................
Pinkerton,James T ...................
Pollack,Martha E....................
Porter,Bruce ........................
Potts,SherrillS......................
Price,CharlesR ......................
PuUen, John L........................
Purvis,James W ......................
75
583
599
497
532
629
253
284
356
41
144
85
Radtke, Robert ....................... 666
Richardson, Bradley S ................. 75
596Ripley, G. L ..........................
641Rolincik, Mark .......................
Rosekind, Mark R. .................... 405
Rosen, Joseph ........................ 50
Rosenbloom, Paul S ................... 226
Rosenschein, Stan .................... 177
Safford,RobertR.....................
Sandness,GeraldA ...................
Sauer,Richard L......................
Sawin,C.F...........................
Sawka, Michael N ....................
ScMimmer, JeffreyC ..................
Schneiderman,Henry ................
Schultz,John R. ......................
Scoggins,TerrellE....................
Scott,Carol.J........................
Scott,Harry A ........................
Shoemaker, CharlesM ................
Shoham, Yoav .......................
Shumaker, Randy ....................
427
75
600
601
596
567
574
268
137
600
601
597
417
137
25
143
303
51
51Sibert,John L........................
Siconolfi,S. ..........................583
Siewert,Thomas A .................... 652
Sils,IngridV ......................... 501
Smith,Benjamin D................... 226
Smith,Roy M .........................405
200Smith,Stephen F.....................
284Souther,Art .........................
Stewart,Karen T ..................... 404
Stone,Henry W ....................... 2
442Stoycos,Lara E.......................
Stroschein,Leander A ................. 574
Sfibrahmanian, V. S.................. 218
Swart, William W ..................... 427
Szabo, Sandor ........................ 137
Szlyk,PatriciaC ...................... 501
Szolovits,Peter ......................304
Tadepalli,Prasad ....................
Takamoto, Neal ......................
Tamir, David ........................
Tartarini, Kim A .....................
Taylor,Gerald .......................
Thompson, D. H ......................
Thronesbery,Carroll .................
Toscano,William B ...................
Toye,George .........................
194
432
121
652
501
554
555
69
461
395
313
Underwood, Jody Gevins .............. 313
Vander Ark, Steve .................... 584
Voss, Mark .......................... 49
Waksman, Abraham ..................
Waligora, J ..........................
Webb, James T .......................
Weeks, Jack L ........................
Weisbin,Chuck ......................
Welz, Linda L........................
Whalen, PaulV .......................
Wheaton, AneiceL....................
Whitley,PhillipE....................
Wilcox, Brian ........................
Wilkins, David C .....................
Wilson, Steven H .....................
Witkowski, Mona M ...................
Wolf, Steve ..........................
Wood, JoAnna .......................
Wood, M .............................
Woolford,Barbara ....................
Woolley,CharlesT ....................
157
583
496
497
121
652
22
356
13
468
494
598
1
301
603
356
483
584
495
432
666
Zadeh, Lofti A ........................ 217
Zehner, Gregory F .................... 447
Zhang, Wei .......................... 194
Zimmermann, Steve .................. 86
673

REPORT DOCUMENTATION PAGE Fo,,,ApprovedOM8No.o7o4-olsa
Public reporting burden for this collection of information Is estimated to average I hour per response, including the time for reviewing instructions, searching existing data sources, gathering an(
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information
including suggestions for reducing this burden, to Washington Headquarters Sef_ice_, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington. Vl
22202-4302, and to the Office of Management an,d Budget.Paperwork Reduction Project (0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORTDATE I 3. REPORTTYPEANDDATESCOVERED
January 1994 I
4. TITLEANDSUBTITLE
Seventh Annual Workshop on Space Operations Applications
and Research (SOAR '93) - Volumes I and II
6. AUTHOR(S)
Kumar Krishen, Editor
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Lyndon B. Johnson Space Center
Houston, TX 77058
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)
National Aeronautics and Space Administration
Washington, D.C. 20546
U.S. Air Force, Washington, D.C. 23304
Conference Publication
5. FUNDINGNUMBERS
8. PERFORMIN(J ORGANIZATION
REPORT NUMBER
S-749
10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
NASA CP 3240
11. SUPPLEMENTARY NOTES
12a. DISTRIBUTION/AVAILABILITY STATEMENT
Available from the
NASA Center for Aerospace Information
800 Elkridge Landing Road
Linthicum Heights, MD 21090
13. ABSTRACT (Maximum 200 words)
Subject Category: 99
12b. DISTRIBUTION CODE
This document contains papers presented at the Space Operations, Applications and Research Symposium (SOAR)
Symposium hosted by NASA/Johnson Space Center (JSC) on August 3-5, 1993, and held at JSC Gilruth Recreation
Center. The symposium was cosponsored by NASA/JSC and U.S. Air Force Materiel Command. SOAR included
NASA and USAF programmatic overviews, plenary session, panel discussions, panel sessions, and exhibits. It
invited technical papers in support of U.S. Army, U.S. Navy, Department of Energy, NASA, and USAF programs in
the following areas: robotics and telepresence, automation and intelligent systems, human factors, life support, and
space maintenance and servicing. SOAR was concerned with Government-sponsored research and development
relevant to aerospace operations. More than 100 technical papers, 17 exhibits, a plenary session, several panel
discussions, and several keynote speeches were included in SOAR '93. These proceedings, along with comments and
suggestions made by panelists and keynote speakers, will be used to assess progress made in joint USAF/NASA
projects and activities to identify future collaborative/joint programs. SOAR '93 was the responsibility of the USAF
NASA Space Technology Interdependency Group Operations Committee. Symposium proceedings include papers
presented by experts from NASA, the USAF, USA, and USN, U.S. Department of Energy, universities, and industry.
14. SUBJECT TERMS
Navigation; machine perception and exploration; ground operations teams; space
physiology; operations challenges; artificial intelligence; robotics and telepresence
research challenges; enhanced environments; medical operations; psychophysiology
17. SECURI:rY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION
OFREPORT OFTHISPAGE OFABSTRACT
Unclassified Unclassified Unclassified
15. NUMBER01 _ PAGES
839
16. PRICE CODE
20. LIMITATIONOFABSTRACT
Unlimited
Standard Form 298(Rev, 2-89)
Prescribed by ANSIStd, 239-18
298-102

